SUMMARY The purpose of this study was to examine the natural growth changes which occur between 22 and 33 years of age. The material consisted of two series of cephalograms of 74 females and 90 males with approximately 11 years between the two series. None of the subjects had orthodontic retainers when the first exposure was undertaken, or orthodontic treatment, or surgery during the observation period.
Introduction
Post-treatment craniofacial growth may cause profile changes and influence the stability of occlusal results achieved during active appliance therapy. Late growth changes may, therefore, be considered relevant to treatment planning of adolescent orthodontic patients.
Few studies have evaluated growth beyond the beginning of the third decade (Krogman, 1973) . There are indicators, however, that facial changes are a continuous process throughout life (BQchi, 1950) . Forsberg (1979) , in a 10-year longitudinal study of 25 males and 24 females aged 24.9 and 24 years, respectively, when the study started, recorded a forward growth of the nose and retrusion of the lips. Posterior rotation of the mandible with adjustments of the upper incisors to the new position of the mandible was another finding. In a follow-up study of 15 females and 15 males in the age range 25-45 years, a statistically significant increase in the anterior facial height and of the upper and lower dentoalveolar height took place. The changes in overjet and overbite were not significant (Forsberg et al., 1991) . Behrents (1985) in a longitudinal study of 56 subjects 25 years or older, males and females pooled, found significant changes in most of the distances and angles measured. A longitudinal study of early adult changes in the skeletal and soft tissue profile from 21 to 26 years of age was carried out by Sarnas and Solow (1980) . They found that the largest changes were in the vertical dimension.
The purpose of this study was to perform a longitudinal examination of a large group of males and females from the beginning of the third to the beginning of the fourth decade, emphasizing some changes:
1. in linear dimensions of the anterior cranial base and of the maxilla and the mandible;
2. the proportions of the maxilla and the mandible; 3. axial inclination of the upper and lower incisors;
4. the soft tissue thickness of the lower face, and the prominence of the tip of the nose;
and to see if there eventually was a difference between the two sexes in these changes.
Materials and methods
Cephalograms were made of all third year Norwegian dental students at the University of Oslo, Norway from 1972 to 1983 (T^a total of 310 females and 458 males. A total of 80 females and 102 males agreed to participate in a follow-up examination 10 years later (T 2 ). All cephalograms were made in the same Lumex B cephalostat with a focus-median plane, and a film-median plane of 180 and 10 cm, respectively, using identical equipment. Subjects outside the age range 21-26 years or who were in orthodontic treatment or retention at Tj were omitted. The remaining 74 females and 90 males had a mean age of 22 years 3 months and 22"years 6 months, respectively. No orthodontic treatment or oral surgery had been undertaken in the interval between the two cephalograms. The period between T, and T 2 was 10 years 10 months and 10 years 9 months for females and males, respectively.
Cephalometric analysis
Cephalometric landmarks were digitized according to the definitions listed in Dentofacial Planner TM, Appendix D, (Dentofacial Software, Inc. 1990, Toronto, Canada) . The points prosthion (Pr) and infradentale (Id) were included (Bjork, 1960) . Using the Dentofacial Planner program SHORT, skeletal and soft tissue (Figs 1-3) and angular (Figs 4-6) measurements were calculated adjusting for the enlargement of 5.6 per cent of the radiographic images.
Error of the method
The reproducibility of the measurements was assessed by statistically analysing the difference between double measurements taken at least 6 Figure 1 The 'horizontal' .distances measured on bony *. ''structure* from point to point, and,depth of the nose from Tn to soft facial line (SFL).
Figure 2
The measurements of the length of the mandible and the soft tissue measurements.
weeks apart on 25 cephalograms (12 females and 13 males) selected at random. No systematic difference in locating the landmarks was found between the first and the second measurements of these 25 cephalograms.
Statistical analyses
The analyses of changes from T a to T 2 were made by paired f-tests. The comparison of the changes in the two genders was analysed with two-sample Mests. 
Results
Linear 'horizontal' measurements (Horizontal measurements are not true; 'horizontal' is therefore noted within quotation marks.)
In the upper face all the linear measurements showed an increase, but the only one which showed significant change was the length of the anterior cranial base (S-N) in females ( Table 1) . The mandible showed a significant increase in length, measured as the distances Ar-Pgn and Co-Pgn, in both sexes (Table 1) . The length of the mandibular alveolar process, measured as the distance Abi-Id, decreased 0.80 mm in males, but insignificantly in women. Corpus mandibulae, measured as the distance Go-Pg, showed insignificant changes in both genders, and the width of the ramus showed insignificant changes except ramus inferior (TPb-Abi) which increased significantly in males.
The changes which were significant, had an Linear 'vertical' measurements (Vertical measurements are not true; 'vertical' is therefore noted with quotation marks.) The increase in the anterior face height (N-Gn) was significant in both sexes (Table 2) , and most of this was seen in the lower face height (Gn-NL'). The anterior face height increased more than the posterior face height (S-Go) in females while the opposite took place in males, where the posterior change was not significant. The females showed more vertical increase both in the anterior and the posterior face height than the males. The increase both in posterior face height and in upper posterior face height (PNS-NSL') was significant in females.
The changes which were significant, had an increase of 1 mm or more: N-Gn in 63.5 per cent of the females and 35.6 per cent of the males; Gn-NL' in 58.1 per cent of the females and 41.1 per cent of the males; PNS-NSL' in 23 per cent of the females; PNS-ML' in 28.9 per cent of the males.
Angular measurement
Maxillary prognathism (S-N-Ss) did not change statistically in either sex (Table 3) . Mandibular prognathism (S-N-Sm and S-N-Pg) decreased significantly in females where respectively 28 and 25 subjects had a decrease of 1 degree or more. Males had a small, but insignificant increase in these angles.
The inclination of the mandibular plane (ML) to the anterior cranial base (NSL) increased significantly in females where 34 subjects showed an increase of 1 degree or more in the value. No change was found in the males Table 2 The changes (mm) in 'vertical' dimensions from T 2 to grarn) of 74 Norwegian females and 90 Norwegian males.
(between the second and the first cephalo- ( Table 4 ). No differences in inclination of the palatal plane (NL) or the occlusal planes (OLs and OLi) were seen. The upper and lower incisors retroclined in both genders (Table 5 ). The changes were statistically significant only for the mandibular incisors in males where the angles ILi-ML and ILi-APg decreased with 1 degree or more in, respectively, 48.9 and 50 per cent. In females the angle between maxillary incisors and NSL decreased with the same values in 45.9 per cent of the subjects.
Soft tissue measurements
The thickness of the lower lip and chin (Id-LL', Sm-Sm', Pg-Pg') increased in males (Table 6) . Similar changes were not found in females. In both sexes the inferior part of the upper lip (Pr-UL) became thinner, while for the superior part of the upper lip (Ss-Ss') this was the case only in females. Nose depth (Tn-Tn') did not change in either sex.
The changes which were significant, had a decrease or an increase of 1 mm or more as follows: Ss-Ss' decreased in 32.4 per cent of the females; Pr-UL' decreased in 43.3 per cent of the males; Id-LL' increased in 28.9 per cent of the males; Sm-Sm' increased in 25.6 per cent of the males; Pg-Pg* increased in 54.4 per cent of the males.
Intersex differences
When comparing the changes in the two genders, only three angular and two linear Table 4 The changes in degrees in vertical position of the maxilla and mandible from T 2 to T 1 on cephalograms in 74 Norwegian females and 90 males. measurements showed statistically significant differences between the females and the males (Table 7) .
Discussion
As various levels of accuracy have to be accepted for different landmarks (Bjerk, 1947; Stabrun and Danielsen, 1982) , it is difficult to establish a general definition of what should be considered unacceptable or gross error. The largest source of error in measurements on cephalograms is the localization of the landmarks. In the present study there was no systematic difference in locating the landmarks on the first and second exposure. The changes which were found can therefore be regarded as valid.
To express the variation, the percentage of subjects who had a given amount of change has been noted for the measurements that showed significant differences. The values 1 mm and 1 degree have been chosen as the changes occurred over a period of more than 10 years, and it is of little importance, at least clinically, Table 7 The measurements where the changes in females and males were statistically significant. The means are in mm and degrees for, respectively, linear and angular measurements. to look for smaller changes during such a long period. The most relevant study for comparison with the results in the present investigation is Forsberg (1979) . His material was Swedish dental students when the first cephalogram was taken and covered a 10-year period from about 24-34 years of age. In a similar study Sarnils and Solow (1980) also used Swedish dental students, but the material covered the period 21-26 years of age.
S-N-
The difference in measurement values in the present study and those found by Forsberg (1979) may partly be explained by the following: except the length of the mandible (Ar-Pg) all the linear measurements in Forsberg's study were taken in a vertical and antero-posterior direction with a line through S and vertical on the Frankfort-horizontal as a base. This will, for most linear measurements, give smaller values for the changes than the method used in the present study. Also, the interval between first and second cephalograms was greater in the present study.
The increase in length S-N was statistically significant in females but insignificant in males both in this and Forsberg's study. As the differences between the changes in the two genders were not significant, no conclusion can be drawn for the increase in males and sex difference in change of the N-S dimension. The reason why the change in length of the nasal floor (PNS-ANS) was not significant may be due to the difficulties in locating the points ANS and PNS in the antero-posterior direction (Stabrun and Danielsen, 1982) .
The increase in length of the mandible showed the same pattern in both sexes. The change Pgn-Co was larger than the change Pgn-Ar.
That may indicate an anterior movement of Ar compared to Co, but the difference in change between Pgn-Ar and Pgn-Co has not been tested for statistical significance. Although not an anatomical landmark, Ar is regarded as reliable for measurements of mandibular length in longitudinal studies (Stickel and Pancherz, 1988) . The error in locating the landmark Co is significantly larger on cephalograms with the teeth in occlusion than on cephalograms with maximum opening of the mandible. A more precise measurement of the length of the mandible could be obtained if cephalograms showing maximum open mouth position had been available. However, Co is located with acceptable precision on standard cephalograms such as those used in the present study when the number of subjects is large (Forsberg and Odenrich, 1989) .
The difference in change in the anteroposterior dimension of the upper and lower part of ramus may be explained by the muscle attachment. A pull caused by muscle function in the TPb area can induce periosteal bone growth, while there are no muscles attached in the Pb and Abs areas. Although changes took place both in females and males, only the increase in males was significant, which may be explained by heavier muscles in males.
The length of the lower alveolar process measured as the distance Abi-Id will change if the inclination of the lower incisors changes since Id is a dentoalveolar point. Both genders had a retroclination of the lower incisors, although significant in males only. In addition, the slight decrease in value of the basal part of the mandible measured from Go to Pg indicates less antero-posterior space for the teeth in the lower arch.
A relative increase in anterior face height may be associated with a posterior rotation of the mandible, and vice versa. This is reflected in the increase of the NSL-ML angle in females and decrease in males in the present study. It should be stressed, however, that the changes of NSL-ML and S-Go were not significant in males. Therefore, no strong conclusion should be made, although the findings show the same pattern for the angular changes as in Sarnas and Solow's study (1980) .
The decreased mandibular prognathism in females may be explained by the posterior rotation of the mandible and the forward movement of nasion. The males showed a tendency for increased mandibular prognathism, probably due to more forward growth of the mandible and less forward movement of nasion than in females, but as none of the values showing these changes were significant, no strong conclusions should be made.
The changes in inclination of the maxillary and the mandibular incisors were both measured to two different lines, NSL and APg, and ML and APg, respectively. Although only three of these angular measurements showed significant changes, all eight measurements showed the same pattern of decrease. This indicates a tendency for retroclination of the incisors during adulthood.
The prominence of the nose measured as Tn-Tn' did not change significantly. It should be stressed however, that the reference line N'-Pg', and therefore the position of Tn', will vary according to changes in the position of N' and Pg\ Profile changes are dependent on the relationship of different soft tissue points. The increase in soft tissue thickness in the mandible in males together with the decrease in thickness of upper lip (Pr-UL) will give a tendency toward a straighter profile. These findings verify the statement by Genecov et al. (1990) that different components of the soft tissue profile differ in rate and timing of their changes, and that such changes continue at least into the fourth decade.
There was no obvious difference in the pattern of the changes between the two genders except the posterior rotation of the mandible in females.
Conclusions
The findings in this study support the opinion that growth of the face continues at least into the third decade of life, although the changes are small compared with those until 20 years of age.
The overall changes in the observation period were an increase in the anterior face height which mostly occurred in the lower face, and an increase in length of the mandible. Females also showed a significant posterior rotation of the mandible.
In males the soft tissue in the lower jaw increased significantly in thickness while both genders developed thinner upper lips.
Although several vertical and sagittal dimensions of the face continued to change in the observation period, none of them exceeded 1.35 mm, nor did the angular measurements which express positions of the jaws and the teeth change more than 1.44 degrees. Taking into consideration that these changes occurred during a period of more than 10 years, it is probably not necessary to examine in detail changes between 22 and 33 years of age when orthodontic treatment is planned. However, if the changes continue by the same amount and direction for several decades, they may eventually become more apparent.
